In the original version of Supplementary Fig. S3 the top panel was missing labels on the right-hand vertical axis and the vertical scaling of curves in the bottom panel was incorrect. Neither of these issues affect the analysis or conclusions of the Article and both were corrected on 30 July 2015.
In comparison with optical Thomson scattering S1 , the x-ray scattering process S2 can also access the single particle regime measuring electron velocity distribution functions or the collective scattering regime observing electron plasma (Langmuir) oscillations, ion acoustic waves and other collective phenomena S2,S3 . However, the energy of the incident x-ray photon with frequency ω 0 is large enough to give a significant Compton shift to the frequency of the scattered radiation. During the scattering process, the incident photons transfer momentum ℏk and energy ℏ = ℏ ! ∕ 2 ! to the electrons. In warm dense matter, momentum and energy is primarily transferred to delocalized electrons or to those whose binding energy is less than the energy transferred to the electrons by Compton scattering. These electrons are considered weakly bound.
In this study, the forward x-ray scattering spectra from solid aluminium show a well-resolved plasmon S3 feature that is down-shifted in energy by 19 eV from the incident 8 keV elastic scattering feature. Measurements with the backward spectrometer in this energy range shows no scattering feature with the same shift providing strong evidence of a collective plasmon phenomenon as predicted for these conditions; bound-free scattering features are predicted to be negligible in this energy range and no feature has been observed with the Compton spectrometer. At larger energy shifts, the backscatter spectrometer observes the Compton scattering feature downshifted in energy by 250 eV; in our conditions the Compton scattering spectrum is not sensitive to the temperature reflecting the Fermi velocity distribution of the nearly degenerate state.
To resolve the plasmon spectrum our measurements require a seeded x-ray beam. In addition, the measurements use a highly efficient graphite crystal spectrometer (HAPG) with suitable resolution. The crystal in the forward scattering spectrometer is 40 µm thick while in backscattering we employed a 100 µm thick crystal giving rise to slightly different instrument functions and consequently slight differences in the spectral shape of the elastic scattering feature.
For the analysis of x-ray scattering experiments, we developed a comprehensive analysis tool S2,S4-S7 that is based on the Chihara formula S8 . The formula describes the contributions to elastic scattering and inelastic scattering from free (delocalized) and weakly bound electrons by the dynamic form factor € S k,ω
with Z f and Z C denoting the number of free and weakly bound core electrons, respectively.
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The last term of Eq. (1) includes inelastic scattering by weakly bound electrons, which arises from bound-bound and bound-free transitions to the continuum of core electrons within an ion, S CE (k,ω), modulated by the self-motion of the ions, represented by S S (k,ω) . The corresponding spectrum of the scattered radiation is that of a Raman-type band. Recently, there has been much activity to improve the theoretical description of this term, e.g., Refs. S9, S10. For the plasmon scattering spectrum measured in this study, we find that this term is not important compared to the free electron dynamic structure.
The second term describes the contribution to the scattering from free (delocalized) electrons that do not follow the ion motion. Here, S ee (k,ω) is the high frequency part of the electron-electron correlation function and it reduces to the usual electron feature in the case of an optical probe. Under the assumption that inter particle interactions are weak, so that the nonlinear interactions between different density fluctuations are negligible, this term is often calculated in the random phase approximation (RPA) S2,S4 . In the classical limit, it reduces to the usual Vlasov equation. In the limit of the RPA, strong coupling effects are not accounted for, thus limiting the model validity. To expand the theoretical modeling into the warm dense matter regime, the Born-Mermin approximation (BMA) has been developed S11,S12 . The theory was subsequently improved to allow for different models for the dynamic collision frequency and for local field corrections (LFC) S13 . Its application to laser experiments on compressed boron has shown that the description of the plasmon dispersion is greatly improved with this theory S14 . However, at this time, the theoretical description of many-body effects in warm dense matter is not complete.
Here, we analyze the increase of the plasmon shift with material compression using the BMA-LFC. This effect relies on the relative increase in plasma frequency with density and is well understood compared to the absolute plasmon energy at arbitrary wavenumber. Figure S1 demonstrates that for our conditions the calculated plasmon shift is not sensitive to the choice of the model for S ee (k,ω) . For a scattering angle of 13˚ the plasmon shift calculated with BMA and BMA-LFC agree. Only with increasing scattering angle do we observe discrepancies between these models. Calculations with the BMA and BMA&LFC are shown for three temperatures demonstrating that these models provide the same answer for our conditions.
For the scattering spectra at 13˚, we analyze the plasmon scattering spectra and the intensity ratio between elastic scattering and plasmon scattering by fitting theoretical x-ray scattering spectra to the experimental data. Figure S2 shows the fits for various temperatures. Also shown are calculations using BMA and BMA&LFC. We find no differences for our conditions, but MEC/LCLS provides a great opportunity for future investigations of these and related phenomena S15,S16 when using larger scattering angles. For the purpose of the present analysis we conclude that the error in density is 5% and that differences in the theoretical approximation are negligible for our conditions. Finally, the first term of Eq. (1) accounts for the density correlations of electrons that dynamically follow the ion motion. This includes both the core electrons, represented by the ion form factor f(k), and the screening cloud of free (and valence) electrons that surround the ion, represented by q(k). The ion-ion density correlation function, S ii (k,ω) , reflects the thermal motion of the ions and/or the ion plasma frequency and is thus sensitive to ion temperature. Uncertainties in calculations of these terms primarily determine the error in temperature. We can make the following approximation S ii (k,ω) = S ii (k)δ(ω) and obtain the static structure factor for ion-ion correlations, S ii (k) from our experimental data as outlined in Figure 4 of the paper and further discussed below.
In many previous studies, the analysis of the elastic scattering amplitude alone was often not sufficient to provide information about the state of the dense plasma. This is due to the fact that although S ii (k) can be obtained from calculations using the Hyper-Netted Chain (HNC) approximation these calculations must assume an effective interaction potential. In this study, the observation of the fully wavenumber resolved scattering amplitude W(k) provides the important constraints on the theoretical modeling. In particular, S ii (k) is directly obtained from the measured wavenumber resolved scattering data using W(k)= S ii (k)(f(k)+q(k)) 2 with the atomic form factor f(k) and the screening function q(k) calculated from the number of bound core electrons, Z C =10 for aluminium. Figure S3 shows various screening functions q(k) and atomic form factors f(k) together with our measurements of the wavenumber resolved scattering data, W(k), indicating the sensitivity to the choice of the function q(k). Good agreement is observed for the HNC calculations with a screened Coulomb potential using a Yukawa screening term (Y) together with a Short Range Repulsion (SRR) term, similar results can be obtained with a hard sphere model. However, it is apparent that a Coulomb potential or a screened Coulomb potential cannot account for the experimental observations or the results from the DFT-MD simulations, cf. Fig. 4 . At small wavenumbers, we note that these models show different sensitivity to the temperature. This is due to the fact that the repulsive core part of the potential is temperature independent; the remaining sensitivity is due to the temperature dependence of the screening cloud. Here, we estimate an error in temperature of 0.5 eV including contributions from both uncertainties in the models and noise of the data. Calculations of the wavenumber resolved scattering amplitude are compared with the experimental data. Results that include a Yukawa (Y) screened potential and short-range repulsion (SRR) or that assume a hard sphere agree with the experimental data while a screened Coulomb potential (C) shows significant discrepancies. As comparison with the high-temperature HNC-C data we show recent results by Souza et al. S17 . The interaction potential, cf. Eq. (2) of the main manuscript, defines the shape of the wavenumber resolved scattering data and the angle of the maximum scattering amplitude; the latter is sensitive to the density. Figure S4 compares the angle of maximum scattering amplitude versus density from plasmon data with theoretical approximations. The result show that using Eq. (2) for the calculation of the dynamic structure factor S(k,w) provides a model to determine density from wavenumber resolved scattering.
Figure S4 | Ion-ion correlation peak
The measured wavenumber of the peak x-ray scattering amplitude versus compression from plasmons (error bars are of the size of the symbols). The comparison with theory shows that including short-range repulsion correctly predicts the scattering angle.
The structure factors are important for calculations of physical properties. Our Equation (3) 
